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Virilism and Ectopic Expression of HSD17BS in Mature Cystic
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Mature cystic teratoma (MCT) is rarely involved in the overproduction of steroid hormones in contrast to
sex cord stromal tumors. A 31-year-old woman visited our hospital with hirsutism, hoarseness, and hair
loss from the scalp. Serum testosterone and free-testosterone levels were 7.3 ng/ml and 2.3 pg/ml,
respectively, which were markedly in excess of the age adjusted female standard levels. Basal blood levels
of steroid hormones and serum levels of 17-hydroxyprogesterone at 1 h after intravenous injection of
adrenocorticotropic hormone demonstrated that 21-hydroxylase deficiency was not the underlying cause of
her virilization. A subsequent chromosomal test with G-banding revealed a karyotype of 46XX. Magnetic
resonance imaging revealed a mass in the left ovary, which was subsequently diagnosed as MCT. Detailed
pathological analysis of the tumor indicated that it was comprised of skin components, sweat glands, with
hair and fat texture, glandular epithelium and fibrous connective tissue, consistent with the characteristic
composition of MCT. Immunohistochemical analysis demonstrated marked immunoreactivity of 17beta-
hydroxysteroid dehydrogenase (HSD17B5), an enzyme that can convert androstenedione to testosterone.
Following surgical removal of the tumor, testosterone and free testosterone levels were markedly
decreased (0.3 ng/ml and 0.4 pg/ml, respectively) and other symptoms abated. In conclusion, this is the
first report of an ovarian MCT associated with clinical virilization caused by the ectopic production of

testosterone possibly because of an overexpression of intratumoral HSD17B5.
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Introduction

Mature cystic teratoma (MCT), a common disease in
reproductive age women, is a highly differentiated tumor
with two or three intermingled germ layer components
(Comerci et al. 1994). Such tumors are commonly asymp-
tomatic but occasionally are accompanied by severe pain
from reactive peritonitis caused by either torsion associated
with the MCT or irritation of the cyst wall by sebaceous
materials secreted from the MCT (Hoffman et al. 2009).
MCT harbors many different components including hair,
skin, bone, fat and endocrine cells (e.g. struma ovarii) but it
is clinically apparent that the ectopic production of hor-
mones, especially steroid hormones, is rare (Tomlinson et
al. 1996). Here, we report a case of ovarian MCT associ-
ated with clinically evident virilization caused by increased

testosterone production via the ectopic expression of
17beta-hydroxysteroid dehydrogenase (HSD17B5).

Case Presentation

A 31-year-old nulligravid woman was referred to our
hospital from a dermatology unit because of hypertrichosis
and virilism. Her age at menarche was 11 years but her
menstrual cycle had been irregular. She self noted hirsut-
ism after her first menarche, and showed gradually progres-
sive hair loss after 30 years of age. She had no significant
family history of endocrine diseases. On her initial visit,
her weight was 60 kg and her height was 148 cm, with a
body mass index of 29.7 kg/m? classifying her as obese.
Observationally she had hair loss, a beard, hirsutism, and a
low voice. Her underarm hair, pubic hair, and external gen-
ital were within normal ranges. Blood examination indi-
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cated that basal levels of testosterone (7.3 ng/ml) and free-
testosterone (2.3 ng/ml) were elevated, while those of
dehydroepiandrosterone sulfate (200 pg/dL), luteinizing
hormone (LH; 8.03 mIU/ml), follicle-stimulating hormone
(FSH; 3.09 mIU/ml) and other pituitary and adrenal hor-
mones were within the normal age-matched ranges (Table
1). Abdominal magnetic resonance imaging (MRI) revealed
a left ovarian polycystic mass measuring 44 x 33 mm with
calcification and fat, many small cysts in both ovaries (Fig.
1A), and a left adrenal mass measuring 7.5 x 9.0 mm (Fig.
I1B). A 1 mg dexamethasone suppression test following
overnight fast was also within normal limits, suggesting
that the adrenal tumor was non-functioning. Basal blood
levels of steroid hormones were in the normal range, and
changes of serum levels of 17-hydroxyprogesterone at 1 h
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after intravenous injection of adrenocorticotropic hormone
were 2.1 ng/mL (less than 10 ng/mL), suggesting the
absence of 21-hydroxylase deficiency (Armengaud et al.
2009) (Table 2). A luteinizing hormone-releasing hormone
loading test revealed a delayed response, which is not con-
sistent with that in polycystic ovary syndrome (PCOS)
(Table 1). Chromosomal test with G-banding revealed a
normal female karyotype of 46XX. After the above diag-
nostic test, the ovarian tumor was determined to be the
principle contributing factor to the elevated testosterone
level, and cystectomy of the ovarian tumor was subse-
quently performed without any complications. After sur-
gery, the basal levels of testosterone and free-testosterone
were significantly decreased (0.3 ng/ml and 0.4 pg/ml,
respectively), and the symptoms of hirsutism, low voice

Table 1. Laboratory data on admission.

Biochemistry

Blood urea nitrogen 11 mg/dl Triglyceride 83 mg/dl
Creatinine 0.45 mg/dl High-density lipoprotein 65 mg/dl

Uric acid 5.4 mg/dl Low-density lipoprotein 132 mg/dl
Sodium 137 mEq/1 Blood sugar 85 mg/dl
Potassium 4.6 mEq/1 HbAlc 5.7 %

Chloride 104 mEq/1

Endocrinology

Growth hormone 0.555 ng/ml Plasma renin activity 1.6 ng/ml/hr
Insulin-like growth factor 1 225 ng/ml Aldosterone 124 pg/ml
Adrenocorticotropic hormone 5.8 pg/ml Adrenaline 0.03 ng/ml
Cortisol 53 pg/ml Noradrenaline 0.11 ng/ml
Luteinizing hormone 8.03 mIU/ml  Dopamine 0.02 ng/ml
Follicle-stimulating hormone 3.90 mlIU/ml  Vanilylmadelic acid 7.1 ng/ml
Dehydroepiandrosterone sulfate 200 pg/dl Homovanillic acid 9.1 ng/ml
Testosterone 7.30 ng/ml Thyroid stimulating hormone 1.010 pIU/ml
Free testosterone 2.30 pg/ml Free triiodothyronine 33 pg/ml
Estradiol 49 pg/ml Free thyroxine 1.2 ng/dl
Progesterone 0.3 ng/ml Prolactin 10.13 ng/ml
Human chorionic gonadotropin ~ <1.0 mlIU/ml

Pregnenolone 0.14 ng/ml (0.2-1.5)

Deoxycorticosterone 0.09 ng/ml (0.03-3.00)

Corticosterone 0.98 ng/ml (0.21-8.48)

17-hydroxypregnenolone 1.03 ng/ml (0.2-4.5)

17-hydroxyprogesterone 0.7 ng/ml (0.2-4.5)

11-deoxycortisol <0.04 ng/ml (0.11-0.60)

Androstenedione 32 ng/ml (0.9-3.5)

The underlined numbers are deviated from normal ranges. Serum testosterone and free testos-
terone levels were much higher than the female standard levels. Basal blood levels of steroid

hormones were in the normal range.
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Fig. 1. Magnetic resonance imaging of the abdomen. The arrow indicates the left ovarian polycystic mass measuring
44x33mm with calcification and fat (A). The arrow indicates the left adrenal mass measuring 7.5x9.0 mm (B).

Table 2. Endocrinological loading tests.

Adrenocorticotropic hormone loading test

Time (min) 0 30° 60°

17-hydroxyprogesterone (ng/mL) 0.9 23 3.0

Luteinizing hormone-releasing hormone loading test

Time (min) 0’ 30° 60’ 90° 120°
Luteinizing hormone (mIU/ml) 9.46 39.73 42.34 45.09 27.84
Follicle-stimulating hormone (mIU/ml) 4.45 6.58 7.68 9.06 9.79

The serum levels of 17- hydroxyprogesterone at 1 h after intravenous injection of adrenocortico-
tropic hormone suggested the absence of 21-hydroxylase deficiency. Luteinizing hormone-
releasing hormone loading test revealed a delayed response, which is not consistent with that in

polycystic ovary syndrome.

and irregular menstruation gradually improved during sev-
eral months. Detailed pathological and immunohistochemi-
cal analysis of the resected tumor demonstrated that the
lesion was comprised of various dermal components includ-
ing sweat glands, hair, adipocytes, glandular epithelium and
fibrous connective tissue, but not distinctive for sebaceous
glands. These findings are characteristic of MCTs, and the
MCT in this study was largely composed of skin compo-
nents (Fig. 2A, B). The presence of thyroid follicle immu-
nohistchemically positive for thyroglobulin indicated thy-
roid tissue/struma ovarii (Fig. 2C, D); however,
steroidogenic factor 1 (SF1), a transcription factor associ-
ated with steroidogenesis, and inhibin o (INHA), a glyco-
protein hormone produced in gonadal tissue, were not
detected (Fig. 2E, F). HSD17B5, an enzyme that converts
androstenedione to testosterone, was immunolocalized
some clusters of the cells in cyst wall and focally positive
for epithelial cells (Nakamura et al. 2009). Chromogranin
A was immunolocalized in the same clusters of the cells
(Fig. 2G, H). We performed immunostaining manually,
using a mouse monoclonal antibody against HSD17B5
(Sigma, A6229, clone; NP G6, A6, dilution 1:200) (Sasano
et al. 1992). Antigen retrieval was performed by autoclav-

ing the tissues at 121°C for 5 min.

Consent for Publication

Written informed consent was obtained from the
patient for publication of this case report and any accompa-
nying images.

Discussion

This is the first reported case of ovarian MCT associ-
ated with clinical masculinization by elevated serum testos-
terone levels and immunolozalization of HSD17BS5 in skin
component of the cystic tumor. Resection of the tumor nor-
malized serum testosterone levels, suggesting that the ele-
vated serum testosterone level and masculinization were
caused by the tumor. Previously reported mechanisms by
which teratomas are known to cause masculinization
include peripheral luteinization of stromal cells (Freedman
and Scully 1970, Lopez-Beltran et al. 1997), differentiation
to Leydig cells (Bulwa and Lewis 1971, Wu et al. 2008,
Rotenberg et al. 2009), concurrent hyperthecosis (Aiman et
al. 1977), Brenner tumor-containing MCT (Tsujimoto et al.
2011), and hilus cell hyperplasia (Rutgers and Scully 1986).
None of these histological findings was detected during the
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Fig. 2. Pathological analyses of the ovarian tumor. Hematoxylin and eosin staining of the resected tumor showed character-
istic of mature cystic teratomas (MCTs) (A), and the MCT in this study was largely composed of skin components (B).
The presence of thyroid follicle immunohistchemically positive for thyroglobulin indicated thyroid tissue/struma ovarii
(C and D). Steroidogenic factor 1 (E) and inhibin a (F) were not detected in the specimens. Immuno-colocalization of
Chromogranin A (G) and 17beta-hydroxysteroid dehydrogenase (HSD17B5, H), an enzyme that converts androstenedi-
one to testosterone, was confirmed in some clusters of the cells in cyst wall and focally positive for epithelial cells.

Original magnification: x loope (A), x 100 (B-H).

careful histopathological examination of the resected speci-
men. HSD17BS, which catalyzes the conversion of andro-
stenedione to testosterone, was reported to be expressed in
pathological ovarian tissues including PCOS or endometri-
osis and also detected in human normal ovary tissues (Ji et
al. 2005). In this study, we selected HSD17B5 because of
its pivotal roles in masculinization pathophysiology of these
ovarian disorders as well as breast and prostatic malignan-
cies, and the enzyme was immunolocalized in some clusters
of the cells in cyst wall and focally positive for epithelial
cells (Fig. 2G, H). A previous study reported that the epi-
thelium surrounding the corpus luteum can produce dihy-
drotestosterone (Tsujimoto et al. 2011) and thus we cannot

claim our MCT was the sole potential source of androgen
production. However, the significant decrease in testoster-
one following surgery supports this abundant HSD17B5
immunoreactivity within the MCT as the major etiology
underlying masculinization in this case.

PCOS is characterized by hyperandrogenism and is
recognized as an important metabolic and reproductive dis-
order. Although serum LH and FSH levels stimulated by
luteinizing hormone-releasing hormone and the clinical
course after surgery are not consistent with PCOS in this
case, indications of obesity in the present case, as well as
the presence of hyperandrogenism, suggest that similar
underlying mechanisms may be involved. Hyperinsulin-



Virilism Caused by Mature Cystic Teratoma 129

emia reinforces testosterone action via insulin effects in the
pituitary gland, liver, and ovary (Diamanti-Kandarakis and
Papavassiliou 2006). Obesity or diabetes has been previ-
ously reported in cases of virilism with MCT (Aiman et al.
1977, Lopez-Beltran et al. 1997, Rotenberg et al. 2009).
However, the long-term evaluation of diabetes and insulin
resistance in this case could not be performed because of
the patient’s circumstances.

The production of hormones such as GH or HCG by
MCTs has been reported, but is rare (Dawley et al. 2012,
Ozkaya et al. 2015). The incidence of thyroid tissue in
MCTs or struma ovarii have been reported to be 5-20% and
2.7% respectively, and clinically apparent production of
thyroid hormone has been also reported in 5-6% of struma
ovarii cases (Comerci et al. 1994). Thyroid tissues were
detected in this tumor but serum thyroid hormone levels
were normal.

Several previous pathological studies of sebaceous
glands suggest a possible role for alterations of intracrine
pathways in various human skin disorders, particularly acne
(Thiboutot et al. 1998, Fritsch et al. 2001). In addition, ste-
roidogenic enzymes including HSD17B5 have been
reported in human skin (Azmahani et al. 2014). Therefore,
it is reasonable that the skin components of this case of
MCT might have been the cause of clinical symptoms of
virilization in this patient.

In summary, we report a unique case of virilism
accompanied by an ovarian cystic teratoma expressing ele-
vated levels of HSD17B5. Normalization of elevated
serum testosterone levels after its resection indicated that
the overexpression of this enzyme could be, at least in part,
the major cause of her virilization.
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